Summary. The authors have investigated the structure, and mucopolysaccharides histochemistry of the submandibular glands of man, Japanese macaque, dog, cat, tree-shrew, Eastern mole and rabbit, and concluded as follows :
1. The submandibular glands of man, Japanese macaque, dog, cat, tree-shrew and Eastern mole are composed of two kinds of acinar cells while the rabbit has only one kind of cell. 2. The cells near the intercalated duct in the rabbit submandibular gland (the socalled Ichikawa's B cells) do not belong to the glandular cells but presumably have their origin in the intercalated duct cells. Some scholars called the same duct as the granular intercalated duct. 3. The intercalated duct cells in the rabbit are different from the granular duct cells of the Rodentia in their locations, but both of these cells have close similarity in their histological and histochemical characteristics and electron micrograph 4. Excepting Japanese macaque and Eastern mole, the neutral, weak and strong acid mucopolysaccharides are provable in two kinds of glandular cells of the submandibular glands observed in the present study. Strong acid mucopolysaccharide is improvable in the A cells of the Japanese macaque and both the A and the B cells in the Eastern mole. 5. It is impossible to classify the glandular cells by the mucopolysaccharide histochemistry alone. Depending on the histological, histochemical and electron microscopical characteristics the authors regard that the distally located cells (A cells) in the mixed acinus belong to the seromucous cells, and that the cells near the intercalated duct (B cells) to the mucous cells. 6. Clear protoplasm, flattened and basally located nucleus and no secretory capillary are the characteristics of the mucous cells (I type of mucous cells). The B cells of the tree-shrew are dark and their nuclei are round or oval. The same cells of the Eastern mole are clear and their nuclei are flattened and basally located, but have scanty mucopolysaccharide.
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In spite of the above-mentioned characteristics, the authors regard that both the B cells of tree-shrew and Eastern mole belong to the II type of mucous cells by reason of the lack of the secretory capillary.
7. The core in the secretory granule is one of the characteristic of the seromucous cells, but the same granules of the dog have a few small vesicles for the core, and the granules of the Eastern mole exhibit a peculiar pattern and have some resemblance to those of the mucous cells (B cells) in the tree-shrew and the so-called serous cells of the European hedgehog except the core of high electron deuce in the granules. 8. The mucous cells are filled with large secretory granules having no cores but containing abundant fine particles.
On the other hand, the same granules of the tree-shrew and those in the so-called serous cells of the European hedgehog corresponding to the mucous cells of the tree-shrew exhibit extremely characteristic patterns, and both of the patterns are very similar in their characteristics.
The said patterns do not appear in the seromucous and mucous cells of the submandibular glands of Primates and Carnivora. 9. The reactions to neutral, weak and strong acid mucopolysaccharides in the A cells of the rabbit are all very clear and many protein reactions are negative.
Introduction
The authors have reported on the electron microscopic examination of the secretory granules in the submandibular glands of the tree-shrew (Tupaia glis), insectivora, primates and some other kinds of animals.8) Now, the same glands in the above-mentioned animals consist of two kinds of glandular cells, and they are generally called serous and mucous cells. But these cells in some kinds of animals cannot be classified under the category of the serous or mucous cells.
The authors have made histological, histochemical and electron microscopic examinations on the above-mentioned cells in the submandibular glands of man, Japanese macaque, tree-shrew, mole and some other kinds of animals. Some differences and affinities in these cells found by this study are reported in this paper.
Materials and Methods
The materials for the histological and histochemical studies were 4 Japanese macaques (Macaca fuscata), 4 tree-shrews (Tupaia glis), 2 Eastern moles (Mogera wogura), 4 dogs (Canis familiaris var. japonicus), 4 cats (Felis catus var. japonicus) and 6 rabbits. Two men were used for histological study, and 1 boy (12 yearold) and 2 women were applied for the histochemical investigation.
One man, 5 Japanese macaques, 9 treeshrew, 1 Eastern mole, 4 dogs, 4 cats and 6 rabbits were used for the electron microscopic examination.
The animals were killed by a rapid intravenous injection of Nembutal, and the tissues including those of the human race for microscopical study were obtained in as fresh a state as possible. One human material for the electron mi-croscopic examination was taken from the normal part of the resected gland. The tissues were fixed in buffered formalin, embedded in paraffin and cut in about 5-6 /2 thin sections. For histology, the sections were stained with hematoxylin (Mayer)-eosin.
For histochemistry of neutral, weak and strong acid mucopolysaccharides, the sections were subjected to the procedures listed in Table 1 -3.
The glands for electron microscopic examination were cut to about 1.0 mm pieces, first fixed with glutaraldehydeparaf ormaldehyde (after Karnovsky), then with osmic acid, and embedded in Epon after dehydration with ethanol-propyleneoxide. Thin sections were stained with uranyl acetate and lead citrate.
Specimens were observed under JEM T-7 electron microscope.
The data on the histological and histochemical studies were quoted from Suga's Japanese macaque") and man"), Hara's tree-shrew°, Miyazaki 's dog"), Tachi's cat22), and Onouchi's rabbit"), all of which have been made in Imai's laboratory. 
Histochemistry
The authors have investigated on neutral, weak and strong acid mucopolysaccharides of the acinar secretory cells, and their histochemical reactions are summarized in Table 13 .
The intensities of the reactions of mucopolysaccharides in the B cells of man, Japanese macaque, dog and cat surpass the A cells. While, the A cells in the tree-shrew, Eastern mole and rabbit conversely surpass the B cells. Namely, the reactions to weak and strong acid mucopolysaccharides in the A cells of the tree-shrew are more intensive than those of the B cells. The B cells in the Eastern mole show weaker reaction to weak acid mucopolysaccharide than that in the A cells, and the reactions to strong acid mucopolysaccharide are negative in the A cells and the B cells. The reactions to weak and strong acid mucopolysaccharide in the B cells of the rabbit are negative, but the reactions to three kinds of mucosubstances in the A cells of the same animal are all positive. By the way, the A cells and the B cells of the tree-shrew and the Eastern mole moderately or strongly react to neutral mucopolysaccharide staining. For convenience the authors use the "quantity" corresponding to the degree of the reactions to the mucosubstances hereafter.
Electron microscopy
As the secretory granules in the submandibular gland cells exhibit the characteristic on the electron micrograph the author's descriptions are restricted within the above-mentioned point. 1. Man A cells : Their secretory granules are moderately electron dense and each granule has a core of high electron density in it ( Fig. 1 As such a classification dose not appeal to the authors, they have classified the same cells into the seromucous cells and the mucous cells basing on their structure, carbohydrate and electron micrograph.
The subjects of this study on carbohydrate are neutral, weak and strong acid mucopolysaccharides.
a. Seromucous cells : The cells having dark cytoplasm, a round or oval nucleus and secretory capillaries and containing two or three kinds of mucopolysaccharides belong to the seromucous cells. They are classified into two types.
Type I : Containing a small or moderate quantity of neutral, weak and strong acid mucopolysaccharides.
The A cells in the submandibular glands of man, dog, cat, tree-shrew and rabbit belong to this type (Table 1, 2 and 3) .
Moreover, the glandular cells in the parotid glands of the Japanese macaque"), man", tree-shrew", dog"), cat") and pig", the A cells in the submandibular glands of the pig" and cow"), the so-called serous cells in the sublingual glands of the Japanese macaque2°), man"), tree-shrew", cat 22) , I).-9) igand cow"), the same cells in the polystomatic sublingual glands of the Japanese macaque, tree-shrew, rabbit and horse"), the same cells in the zygomatic gland and the molar gland of the cat". 24) and the glandular cells of Ebner's glands of the dog and rabbit'" also belong to the type I. Sometimes the quantity of the strong acid mucopolysaccharide in the above-mentioned cells is extremely small.
Type II : Cells containing neutral and weak acid mucopolysaccharides but no strong acid one belong to the type II of the seromucous cells. The quantity of the neutral mucopolysaccharide generally surpasses the acid one, but the quantities of both the substances in the A cells of the Eastern mole are different from each other. The A cells of the Japanese macaque also belong to the type II (Tables  1-3) .
The A cells in the submandibular gland of the horse", the glandular cells of the parotid glands of the rabbit"), horse) and cow") and the so-called serous cells in the sublingual gland of the dog") belong to the type II of the seromucous cells.
b. Mucous cells : They are classified into two types.
Type I : Having light cytoplasm and flattened nucleus situated on the cell basis, no secretory capillaries, containing moderate or a large quantity of neutral, weak and strong acid mucopolysaccharides (Tables 1, 2 and 3). Depending on Oikawa's investigation'" the reactions to the radicals of phenyl, phenol, indol, amino, carboxyl, guanidyl, SS, SH and proteins in the B cells (the so-called mucous cells) of the submandibular glands of the Japanese macaque, dog, cat, horse, cow and pig are all negative.
The B cells in the same glands of man, Japanese macaque, dog and cat belong to this type.
By the way, the authors consider that the so-called mucous cells in the submandibular gland of the pig", horse" and cow"), the cells of the same name in the sublingual glands of the Japanese macaque2°), man"), tree-shrew", dog'", cat"), pig" and cove", the same cells in the zygomatic and molar glands of the cat" 24) and the same cells in the polystomatic sublingual glands of the Japanese macaque, tree-shrew, horse and rabbit") belong to the type I.
Type II : The B cells in the tree-shrew have a moderate quantity of the neutral mucopolysaccharide, and an extremely small quantity of the weak and strong acid mucopolysaccharides.
The B cells in the Eastern mole contain a large quantity of the neutral mucopolysaccharide but a extremely small quantity of the weak acid one and have no strong acid one. The B cells of the tree-shrew may belong to the type I of the seromucous cells, and the cells of the same name of the Eastern mole may be classified into capillaries. This is one of the characteristics of the mucous cells. Therefore, the authors classify them in the same category of the mucous cells, and they intend to explain the characteristics of these cells in relation to their electron micrographs.
The B cells in the submandibular gland of the rabbit contain neutral mucopolysaccharide but no weak and strong acid ones. Such a kind of cell is the only one in our studies on the salivary glands of many kinds of mammals 5,6,9,11,12, 16, 20, 21, 22, 23, 24, 27) . The authors will discuss subsequently on the characteristic of these cells, as they are different kind and do not belong to the glandular cells.
B. Electron micrograph related to the mucopolysaccharides a. The A cells The A cells of man belong to the type I of the seromucous cells and the cells of the same name of the Japanese macaque belong to the type II. Namely the latter have no strong acid mucopolysaccharide.
While, the electron micrograph of the secretory granules in the A cells of the Japanese macaque resembles closely to that of the A cells of man (Figs. 1-2 in Plate II).
Sato et al.") and Tandler & Erlandson24) have presented the electron micrograph of the secretory granules of the so-called serous cells of man, and the same study on the squirrel monkey has been made by Cowley and Shackleford2), but there is nothing to be added to the authors' abovementioned description.
The A cells of the cat also belong to the type I of the seromucous cells. However, the electron density of their secretory granules is lower than those of man and Japanese macaque.
Moreover, the margin of the core in the granule of man and Japanese macaque shows clearly.
While, that of the cat is indistinct (Fig. 4 in Plate II).
The A cells of the dog have three kinds of mucopolysaccharide and belong to the type I of the seromucous cells. But their quantity is inferior to those in the cells of the cat. The electron micrograph of the secretory granules in the A cells of the dog differs from that of the cat. Namely, the granules of the dog have no cores, but contain several small vesicles (Fig. 3 in Plate II). Dorey & Bhoola4) have made ultrastructural study on acinar cell granules in the submandibular glands of the dog and cat, and their electron micrographs bear a resemblance to those of the authors'. But their report is silent on the small vesicles in the A cells (seromucous cells) of the dog. The A cells of the tree-shrew contain three kinds of mucopolysaccharides and belong to the type I of the seromucous cells. The electron micrograph of the secretory granules have a resemblance to those of man and Japanese macaque, and the margins of the granules are elear (Fig. 5 in Plate 111).
The A cells of the Eastern mole have neutral and weak acid mucopolysaccharides but no strong acid one and belong to the type II of the seromucous cells. The electron micrograph of the secretory granules of these cells is very characteristic and each granule has a core which is extremely electron dense and distinct in the margin (Fig. 6 in Plate IC.
The A cells of the rabbit : Depending on Oikawa's investigation") the reactions to the radicals of phenyl, phenol, indol, amino, carboxyl, guanidyl, SS, SH and proteins of the A cells of the rabbit are all negative and these data are same as the cells belonging to the type I of the mucous cells. However, those cells have the secretory capillaries and occupy the distal end of the acinus. They contain three kinds of mucopolysaccharides as those of man, but the electron micrograph of the A cells of the rabbit differs from that of man. Namely, the scretory granules of the rabbit have no cores and they bear some resemblance to those in the mucous cells of the type I (Fig. 7 The B cells of the tree-shrew contain a moderate quantity of the neutral mucopolysaccharide but the weak acid one is extremely small in amount and no strong acid one. However, the authors classified them into the type 11 of the mucous cells for lack of the secretory capillaries. The electron micrograph of these cells presents very characteristic pattern and differs from those of the type I (Fig. 5 in Plate 11).
The B cells of the Eastern mole contain a large quantity of the neutral mucopolysaccharide, an extremely small quantity of weak acid one and no strong acid one. However, they were classified into the type II of the mucous cells for lack of the secretory capillaries.
The quantity and the kinds of the mucopolysaccharides in both the B cells of the tree-shrew and Eastern mole are similar in many points. While, their electron micrographs extremely differ from each other. Namely, the same micrograph of the Eastern mole preferably is similar to those of the Japanese macaque, dog and cat, but some granules of the Eastern mole have a core of high electron density (Fig. 6 in Plate The B cells of the rabbit have no secretory capillaries, and are filled with strong eosinophile coarse granules. They contain a moderate quantity of the neutral mucopolysaccharide, but no acid ones. Depending on Oikawa's study"), reactions to the radicals of phenyl, phenol, indol, amino, carboxyl, guanidyl, SS and SH and protein are all positive. The secretory granules present a characteristic electron micrograph i.e. they are highly and homogeneously electron dense ( The glandular cell composition of the sublingual glands of the Japanese macaque"), man21, tree-shrew", dog'", cat'", pig" and cow"), the zygomatic and molar glands of the cat23,24) and the polystomatic sublingual glands (the so-called minor sublingual gland) of the Japanese macaque, tree-shrew, rabbit, horse, etc.'" are similar to those of the submandibular glands in man, Japanese macaque etc.
Tandler and MacCallum2" regarded the cells in the submandibular gland of the European hedgehog to correspond to the A cells in the tree-shrew and Eastern mole, as the mucous cells. But the contained mucin in the same cells is only sialomucin and the electron micrograph of the secretory granule in these cells exhibits a core and is similar to those of the seromucous cells (the A cells) of man, Japanese macaque, tree-shrew and cat, and is different from the electron micrographs of the mucous cells (the B cells) in the Japanese macaque, dog, cat and tree-shrew, but has some resemblance to that of the mucous cells in the Eastern mole (Fig. 8 in Plate 111).
Tandler and MacCallum have also considered that the cells near the intercalated duct of the submandibular gland in the above-mentioned animal are serous cells for the glycoprotein in them. The electron micrograph of the secretory granules in these cells is very characteristic (Fig.  9 in Plate I11). The resemblance between the above-mentioned electron micrograph in the European hedgehog and that of the B cells in the tree-shrew has been reported by the authors".
The authors have regarded that the B cells as the mucous cells and these cells are situated in the same place, near the intercalated duct, with the serous cells in the European hedgehog. In spite of the resemblance in the electron micrographs of both the animals, the substance contained in the above-mentioned two kinds of cells is considerably different from each other. By the way, the name of the cells given in the author's article" as "the mucous cells" should be amended to "the serous cells" of the European hedgehog (vide "B" in Palte 11).
The location of the B cells (mucous cells) in the Eastern mole is similar to that of the serous cells in the European hedgehog, but the substance contained in those cells is different from each other. Namely, the serous cells contain glycoprotein, while, the B cells have a large quantity of the neutral mucopolysaccharide and scanty weak acid one. However, the electron micrograph of the secretory granules of both the cells has some resemblance, except in the existence of the core in the granules of the Eastern mole.
It is very interesting that the secretory granules in the submandibular gland cells of the tree-shrew and insectivora (European hedgehog) situated in the same place exhibit a similar electron micrograph.
Ichikawa" considered that the submandibular gland of the rabbit consists of two kinds of cells, and the cells situated in the distal end of the acinus were named A cells, and those situated near the intercalated duct B cells. Onouchi") Oikawa et al.",") and Oikawa'" have followed Ichikawa's opinion. While, Shackleford & Wilborn") regarded that the cells which were equal to Ichikawa's B cells originated from the intercalated duct cells and they expressed the same ducts as the granular intercalated ducts. Dorey & Bhoolaso) adopted this opinion and concluded that the above-mentioned duct cells were similar to the cells of the granular duct in the Rodentia under While, the meshes contain many small granules which are strongly stained with eosin.
The B cells are strongly eosinophile, and both the A and the B cells have round or oval nuclei. x 5,000
